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[ 0 0 0 1 J 
[0 0 0 2 ] 

l^M(D&.m] /S)^COil»?. =r>'tf^->? • 

^tPo aM^(c(^. :=ii^tr=^-^ ' 

[0 0 0 3 ] m«f§ii^i^rc*?sfi?-r^c^d?^^^(cffl^ 

m^^'B^x^- (c:laJ:t/:7;d-" 

[0 0 0 4] ^m(o^n^m^^ ± ^y-^i^. ^mmz 

^—^^^—'r-'^ {-f-^J^fo^ single instruction 
single dataX'hoX^TmX^^ t S I SD tm 

-j^^gitlfSo s I sd:/^-^ ^^^^^ifiik 
[0 0 0 5 ] -i/nzi? 5/i^co^3g;^/^— h ^l:±i:&p^-tt 

/.e:/n't -/iM:J, instruction-level parallel CO 
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^)tf^^^COS^^tel^. ®'^COadd(:^JDK). multiply 
load (CI — K)^fc(istore(|Blt)(7>J: 

[0 0 0 6 ] L.ib^l.fj:t^h. :/d • =1— KtT^cfuc 

^i-^/i'(7:}^^\Ut(r)m^\ztoX±^fj:mmtfj:^m^ 

[0 0 0 7 ] 'j^^^m^L.. ^^u-^/i-^^iJYti^f^li:^ 

' K(^. ;^f§^P^t^*iX-5o -^^i? 2/ h ' r — ^ 

(C^^ ^tu^— ^acOcompare-to-predlcate/||^-C#>So 

[0 0 0 8] 5^iig<£rjS^/j:Mfitl-®:ii5J;t/;</- Kirg^ 
^7L^^r2^::;^\^^ i f ^^fe^fct^^fg^^^P^I^ 
6e i f ^^(7>,1$mi: Ur^-f -S :=r- Kt^, ^tt^fHM^- 

M ^ tf^ ^ compare- to-pred icate^g^^-g^^X-^t^ 
[0 0 0 9 1 

50 mmtmwzL.xo t-r^mm\ L.fi^\.t^t^h. mm^ 
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^ /I- -r 6 P#^fi (7> CO ^ 5> tFr L I. ^ 2s^> -e ^ 6 . 
^^^^501^. i f ^^v';^7^i> 5 1 , ;^>5r^;^^ — 

[0010] 

(0011] ■^^Wi<om.m^^— K ' =i>^-^>r ^liiz^fg 

::*c^ ^ -r 6 .Bs ^ (c S ^i- 6 ia^M .BB ^ 

[0012] 
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n T-sif^-r s ^fffi t> CO -r ^ ^ o 

[0 0 131 0 4 1^. il^f§M3^^T^i^/1^- ht-S:/n2-lr 
1 0 2 ^Sr-g-tp^v tf :=L— • v';^xjU 10 0 

K:|3<l:t/3zi!f§^Srt|-SM^i~S— ^Ocompare-to-predica 

[ 0 0 1 4 1 tlD:tr, >^cii? 0 2 co^^-t 5/ h 

iV? (i, compare-to-predicatel^l^^^'^tPo compare-to-pre 
dicate^^l^Mif >^tfS^ML.r, ^CO.^m^iel!fiUv> 
• ■:7r ^/L'(7>il!f§lxv>;^<?'{C^^i2s:t?o compare-to 
-predicate^tS(7>€-^ 1^. 2 OCOjJlifg ^ iA 

[0015] 1 0(7)^i^?^MtC*3i/^T, >^n-i? 

0 2 JloTHfi'cSttScompare-to-predicatetll 

PI, P2=cmpp <dl> <d2> (rl <cond> r2) if q 

{^(u). ^ft^o^(c). 3fe3?IJOR(o):j5j;t/3fe?IJAND(a) 
cor ^ ^TrJ' v-a :/|^. IBM-^C02#g 

C03ti?:tC J:oT^t^^n^il^^— K(n):l3j:tJ^1f 

^C? • "rl <cond> r2"l^. Hl^COhfc^^it^-r^o ^'J X. 

1 0 2 l^compare-to-predicateS^StCgeT LT±tfl£( 
[0016] i^flMI^^TCi, :/a-tr ^.i^ i o 2±T-t&< 
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T^W^f^^^M-thtzHbl ^(;Ocompare-to-predicate?|^ 

xmrr-r^^^^zmi^x^mx^^. a^^uoRz^^ v-a 
^'{zx^xf^n^m^in^^mn. \o<n'^^v^(o'^ 

'ff^W^<ry^mz^r>X^mt^^Zhiy^X^ ^^%\z, 
^WiXP)^. m^\t. ii«(nornial):fc^J:U^1t^(coraplem 
ent) (7>fS]^ - KtCiJaJj- J; U^^feJ^UO KT ^ n 

^ixri/^$)o^^ ^-t-5,:^>g^t>*>5»o m^t^hir^t^^ 

[0017] mA.\z7Y^^^^i^^^h(o\^(D'mmm\z 

|^Jfe^^tC*5l/^r, >^ t?"^ — • V'^T' A 1 0 0 1^. 

6. ^'Jx.i^. ^i^yf ^ — ^ ' 1 0 0 ^> 

[00181 1 0 2 101 tc^i^-r 

-So y^yi04;6^^7t^>'e^— ^- i^^v-J^ 10 0 
{c{tt:3So ^^1/104 li/'<:^ 101 Ic^^ 

HtC. y 1 0 4C0|^3ffe(^, RAM. ROM. M 

[0019] ^ tr^— ^ ■ x>';^7" A 1 0 0 1^. ^fc, 
0 2\Z^^X'mn^tl. ^^-^ y-^ \ O 2\ZXr>X^n 

^i^5tf^(c^^ y io4Ic^^>>'p — K^nsj^^^jd^^ 

[ 0 O 2 O J 1 2 1 1^, ^Vtfzr— ^5? . v- 

1 0 o(7^=^—^\zmn^m:7^-r^tLi^^<p^ i o i 
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e 

A 1 0 ocoft:tiP6^A*^S(^> h^5/^^7}^— 
Ji^. by yi^^<y fcl^ — V/L-^^f^l^ — tD J; 5 ^.t;^? 

— y/i-^Jffl)SISi 2 3T-*56« ^vb'^ — ^ • ^/^t"-^ 
1 0 0{c^a6)bixS^tMi*co^St>5 io<7>^Ml^, 

— K • ^ t'-S^M 12 4 T*^5. K • ^ e — 1 

1 0 ox^m^ix^o 
10 [0 0 2 1 ] 3 vt';:!.— • i^:^'rJ^ 1 0 0 1^, ^fc, 
M<7>J^i2$^^l 2 6 ^Sr^tfo ^t^ct 5?ttM(?>S5gl 2 6 

n-fe5/-t^, L AN ^fc tiW AN (17 K • 

y r • 5/ h 17 — :?^) =r^^ h P — 7, ^v^A, CD-R 

>^ fix — ^ - A 1 0 0 5^(Oft!i 

[0 0 2 2] =J Vtf • v';:^7^ A 1 0 0 ^f-, 

(H 6 (c^$n5):/n ^: >'^-i-f§^ >/^>r ^200 
^^^o ^^''^^ ^2ao(i. 'y^p-fe:?/iM02 ±xm 

n^tl. K 2 0 2 ^^jeigM-^W^^- K 2 0 2 

0 2 1^. iktc. :;^^:Sf2tSS^-® 1 0 7 tcfEte^n-So it? 

f§Ma«='-- K2 0 2>d^:/n-t ^iM 0 2lCj;oT|^^T 
^n-5-<#P^, i&fgMaM^- K 2 0 2(^. T^^n-^^/i^ 
102tvl^o-Cp<^yi0 4(C^^3i^ix6. 
[0 0 2 31 :=i>'^^^ ^ 2 O 01^. <!^(7:) i: 9 60 ^ 

^-/^-Y/i^ ■ :/n Ar-t><tt\ ^fJx.li, i^*^:=i— K2 
o 1 :d^>^:3t-— h • :7'n ^7 ^ ^^-i-iir-^yef^nri^ 
ixlj!, =r ^'z-?^ ^ 2 0 0 1^:7 h ^ V • =1 Y ^t:- 
w^i^=^— K 2 o 1 t^c^u ^ >^Mmxmf>^ 
nrt^nfi\ =i>/"^>r ^ 2 0 0 i^c 5: v^-sf^ 

[0 0 2 41 ^'^'^"^Y ^ 2 0 01^. 5fc-r. J[^i&=i— K2 

0 1 (^'Jx. Infill A (7)/^^=^- KO^^igM^i- K (^'Jx. 

^t? (^iii 1 co^f§M=r- K)tc^^-rSo ^^^l§Mll^T^i^ 
-h^<Dy^^i:^::i.-v >i:f:i^xximmx{z9ciLt:>. ^mm 

[ 0 0 2 5 1 1 ocoHJfe^^tct^&or, 

-<^ 2 0 0l^, ^ ^^/-^^r/L-^ttOO^s^Sje&flM^i-- KIC 

^^ 2 0 0 fCct.oTH^T^n'Sigfi^/it^T^'-^?' * :7 



^^<7> 1 '^(o'mMmm\c^^ 5 ^ ^'^'^•y t 2 0 0 co^>tFf« 
[0 0 2 6 ] T^'-^?' • y^-mm^. i^'s.<om(7>m<Dy 

[ 0 0 2 7 ] ^wmz'i^^th\t. ^^^/N'-f^ZOO 
1^, ^l!f§M^" K{vi:iot:f' 6conipare-to-predicatetll^S 

C3 V-'^'l'^ 2 0 oco^t^l^, H 7 7!jMI1 2 7 ^#08 L 

[0 0 2 8 ] 1^7 1^. lEl 6 (:0:=i V/^-Y ^ 2 0 0 COf^^ffl^ 

-^^ 2 0 01^, =1 V^^Y ^ 2 0 O (D:7 a V h ^> K 2 0 
9(::^^Ljt i f ^^v->^7'A 2 1 O^^tPo =iV/^Y 
^ 2 0 01^. Src. i f ^mv-^^XJ^ 2 1 0 tc^^Lfc 
i^f§^3" K3>*rv';^7'A 2 2 0 . ia!f§M=f — 

K^^^Pfv-^^T^A 2 2 0 — Jct/U- 

v^^^l'J"? ^Tm^2 3 O^^tfo :7a>'h^>K20 

^ • T^n h^^V ¥\Z.^-DXX\>m:M^nhZ.t 
t^Xt i f ^^v'-^T^.^ 2 1 0 t>^7t. (14(7>:/U 

tt^X^^. y^^i^=L—y:^^rJl^iy^y^<^'§^K^mxmm 
2 3 01^, I lp:^^-:>^—V ^-y^mn-t^z. tt^x 

i^y^^m^ mxmm\z.^^xxh'mm^^:-tt^x^ 

So 
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[0029J :7n>'h3i>'K209t:i. /^i^^'— K2 0 
1 (05)^S(t^t3. ^c^Jdt&^r— K2 0 1 ^*rfl^- 
Kt^S^^-rSo ^rJ^'-Kfii f ^«S^;^X^2 1 etc 

it^nSc i imi^->y^'rJ^2 1 oi^i. fE^t^^^^^r-q^ 

^^^/j^^T^A 2 2 OtciioTiasi^n-S. il!fiM:n-K5> 
:ffi^v';^7^^ 2 2 0 ti, a^igM'tr^^— K^M3@LT^C0 

iC? il?f§M^- K(c^^^-r-5l® i f A 2 1 0;d5Kit 

ICffi*?^ Lrf+;tJDi-So BV^^X.S^:. i£&f§M=r"K^ 

2 20t^, iLP;^^x:^zt— y v^tct 

I L p;:^>>^i>^ — y J;U«^'v^;^^-fiJ^r 

^2 3 0 Wc^<r>^mx I LP:^>5rv>^--y 

[0 0 3 0] n^e^:^^^^ L-r, iz^lHM^- F'^^tfr^^:^ 
7^^ 2 2 01^. i^r-t >-y^^([l^^i^rt^/te^.^)i^:^* 

mmML^—Y^ny^^-:^=^—^\^'r^z.iiif^x^^, z.<d 

[0 0 3 1 ] *^0jtD 1 oo^Jte?i^fiitct;^'^r, i^f§M 
K^*ri/:^x A 2 2 o fi, if ^^v';:^xj^ 210 

\z^mmm\^xmmm^m=^-v^^\-i'^^^ mmm^ 
— y^^^i^y^v-j^ 2 2 o;d^MfiSi4^r^='- Ktc^LXii: 

^5J^fr<£:fT5<^r% :?|- y v^-:^/K7:>^Jffll;7 n -{-^-r S^ 

118 1^, d 7 co^l^fgM:='— K^^Fr^^;^7"-^ 2 2 0 
^J; folate .T^-To 

[0 0 3 2 ] US <Dm^n<r>m\zmm^^=^^m-r^. 
1. Mi§:/p?/^ : ^mmi^-^i^y(o^mm.i^nx^ 

50 m\my x^—mM\z.xoxmfi^^ti^. 
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^f§p tcgg L r ^ 1 ^^n-a- (-r ^ PC 1 ) -c ^ 6 o 

mmn. m»^^p(+). ^(-)^:5j;t/^( *)<^i^>^L.r 
-r^:Lt{zx-Dxmf^^ix^mnM^t vxmm^m^ 

[0 0 3 3 1 ^8(C/T^^nsJ;e^(c:. ii!f&M='- 

v'x^7^i^2 2 of^, ^sa^3 0 1, mmmms o 3. 

x&f§B3^^/^x A 3 0 4isJ:t/'7^— • y^n— 5>#ri^:/ 
iy:^TJ^ 3 0 2 ^r^tfc 3^^^^ 3 o l 1^ . if 
:^T-M,2 1 0 ((H 7);&*ba?f§M'^^f^=''- K$rStt^6 J: 

-^Wv';^^A 3 0 2 (c^M^nSo «iia#l3 0 3i^ 
^fcitsa«3 0 1 {cg^^Lri/^Sc Mf&^.^v-;^7^A 
3 0 4(i. mmmms 0 3:is^viy='-^ ' :7 d-^m^^ 

-fiy:7.'ru 3 0 2 (ci^^L-Ti^So 

[0 0 3 4 ] 1 ocD^^SJi^tg^c^5^.^T. ii?f§^=r- Kra- 

A 2 2 0 301;i^ib304 <D#^ 

1^, MfiM:=r- 2 2 0^O^^^^3 0 1 

3 0 4 O^/? ^?t(:^:t^< OAM^, K'^'zuT^fc 

[0 0 3 5 1 ^^^«3 0 K(Cjo(tSil!fira 
^Bff^&^^l^, 1 OOcompare-to-predicate?S^|C J: o 

r ts^^ ^ tt s s ^ ^ n s Mf§<D o 
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[0 0 3 6 ] mm^'m^.^^^^'t^t^^. ^wm^z^ 

mxw^^\z.^m-t^o z.ix\z.^r>xw^<^^mtmmz 
mz. j^^mms 0 inz,<D]^^^^m\^x. m 

[0 0 3 7 ] I19(c*3i>r, ^T:i'^:^n:^'r 3 3 0 

d>ib^^^6o :^Tyy3 3 i\z:i^\.^x. ms<D^^mm 

3 0 ICiMfiS^^P^^" K^Sft^So ;^7^iy^3 3 2 
20 XimWo r ^H^^read-jnodify-writeJlg^cM^ICg^^ 

Z.tt^X^ So 

[0038] :^7^5':7^33 3t^:i3l.Nr. 3 0 1 

li=f- K^f^&^*-§ij '9^T?f^T<:(- tD^i^^^static si 
ngle assignnientco§S3t^$: i: o r£i.T S SA?i^^i:Pf 

^ixs^-ftti^, ^^«^3oi(^, ^^mm:\zmm 

Sfci6. ^^mtcl^M^tt 'bixS;«7 r>>^5';fi^{^^^ix 

4^c*5l^r. i^^a^3 0i(^. Jiiifes s A^i^^co^fg 
<D]mztt^hk\^^. mx\t. (a^b)coiE^-{l-tt:S^^i^ 

f^, !(a<b)T'^S. ^(Om^. W^^^^MM-r^. IE 

m^^xmrn-r^z-tt^-^mt^s:^. ^^mm3o 

:7n— ^;pri^>^^:^>^7^A3 0 2 (^8)tCi^So Ull 
iSk S S AJ^5C^/i^f o gil i;ef-b*^^^SJ:p(c:. ti*5j: 

50 x^mm^^mx^^^ mmM=^—\^<r>mMii^^<^m. 
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[0 0 3 9 ] JKifes s Ajg5t:(c*5*t6:3^ h*(D^mmm 

(0 0 4 0 1 /N-zv^^ ' r 6o:7 j:"X(7>rcB 

Jt^iled^-rSi: 5(-M^Ff^n^o ^tfcg^mS^tc, 

[0 0 4 1 ] ^^^^P 30 11^, lookup_AND_strlng/U 
— ^ scan.opsyl^— ^V^D i: U^lookup_0R_st^ing/^— 
5">'^l^^t-r5^ i:tCj:oTS S Am^(r>=r— K^^^^ 

[0 0 4 2 ] ^l-— ^:^(^scan_opsr-#?oT. ^ 

f§y n 2/ i7 6compare-to-predicateil^^KiC^U'C 
»^ I? blil+^-r 6c 3IaS-t'6compare-to-predicate?^S 

-(^^^g^^/^-T;^ h U l^^\z.lEm<t^ti^c. lookup.A 
ND_strl ng^S J: t^lookup_OR_st r 1 ng/U— >- 1^ . M^i^ 
:tS XXJ^ o T Mcompare-to-predicateHS^^^ b — 

n-e^ixM^-r-So f^:*rO/b-^^i^, fci:g^7ll»tcJ:or 

[0 0 4 3 ] il 1 2ii5 J:0«11 1 3 co/i — ^v^^^L. 

p = ! (a < b) ' true 
q = (a < b) ' true 
tl = ! (a < b) * true 
t2 = tl + ! (c=d) • q 
s = ! (c=d) • Q 
r = ! (c=d) • q 
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' p = !(a < b) ■ true. mCJp^ ! (a < b) • Uc^^ 
^ixSo y^2/^r iv-T^cortB. :&52:J3j:tJ«^(7>ttf§i5^^3D^ 
X — y^/^(Cal;^JD^n(lII l 4 (DA^M). 7"-f v-H > 
^{i«^.l=2|3^if^^iJS$tl5o 

• q =(a < b) • trueo mi^. q=(a < b) • 1{CM3^^ 

' tl = ! (a<b) 'true. Ctltitl =2t:^MS^ ^ixS « T 

• t2 = tl + ! (c=d) ' Qo ^ixlit2=2+!(c=d) - 
^in^. ?\^y^rvf<nf^. *!(c =d) • 3^*5 J:tJ«^oM 
^^^xCl^, ^^yiyz^ • ^— ://^(Cag;DD^n(Il 1 4 0 
B#i.^.). >r >^^3=4|5^^fcti;^)^ix6o 
^^I^M(ct2 =2+4(c^i^^n, • x — 
7^yL.(cii;dD^ix(liIl 4cr)B#ffi), t'^ v^a 

60 

• r= !(c=d)-qo rixl^r=4(-Mi^^6r <^:;6^r-^6o 

v-a : l5-^4tc:^ur y— y ;^ h {Cr^iiJDD-r 

■So 

30 m^^'t. 1=2|3, 3=4|5:ioJ:U^6=2|4T-^6. 

[0 0 4 4 ] m^\z.m^t. ^^mm 3 0 1 -^mm 

3 0 3 ^^^S'^ 3 0 3 \tmi^^W^ 

«^SS^i-6 c J: or K<7>::^l§£^^1>[^^^^-t- 

3 *^;^:Kwia^^^«^^i'^o n 1 6 1^. mmmm 303 

[004 5l^l6tc:i8l>r, :/n-t^(^;^7^ 5/:7^3 7 
o;6>b#&*§c 3 7 1 tc^si^r, =^^^^3 0 

3^i/^'-7^^ >'£7) y;^ V t^^^ bW^^xm^mWi^^^ 

S^^lfe-So ^/ x^3 7 2^C*5^^T. «^^«3 0 3 - 

mtc^m-r 6 c ^ J: oT^D^^^/"^— r ^ 3 >- • 
4 0 0 ^^ISTSo lill8(7)A(^. 1=P|Q. Q=R|S:feJ: 
50 t/T2=P+R<i:l>P^^e<)|^1^^ito|gIl 1 Oj^fi^r^— K 
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y:7 4 0 0 ^^^-Tc 018 (DAt^ hW^Ux*^ -5 ct 5 (-^ 
<DX. :L<DWM^<—'r^iy3>'^9y4 0 0\^^^/j: 

-(Dmmit. mm^thxtj:\,'^m'Mmm\tzMf^-\^t 

[0046l>^X5/':/373 \Z^\,^X. mm^m 3 0 3 

3 i^m^. ^^j^T^mn-t^. 

\z.^L.X9o:>n^^^^^^x^^. 

• Tt^^^—T'>i->Bi^'V7y(Ty^\z.j—\^t\.x^^ 

L/iit^ni^ (-r?t^ :b^rel_comp;d^1S^<7)^ > h ^^^^ 

[0 0 4 7 ] [ill 7(0/\^—^>^%\\<DmK^Xm:'rZ.th 

[0 0 4 8] Ji|B:/nir>^^^n-r6^ir(^J::or, « 
^a^3 0 3li:. ^1 8cDAC0*?]^q^^— V - 
^7400$rlll 8 60BCD^;S^^"-^^ v's ^ • 

4 1 otc^jis^-tir^o r-r.r% mi s<DA<r>WM^<—r- 

' ^9y4o o^^m'r^:Lt\cX-:>x. mm 

uzm'r^T2<Dns!^^m-M^(-rti:ti%i-T2)n. (i-r)-p 
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muM^^Mlsb^:it\zX^Xi^m^tl^o ^'J:tl^. P 

X\ l-R=P+ST-^6)o ii^or. 1-T2=(1-R)-P=(P+S)-P= 
(P-P)+S=S-^^5. t^^oT, l=T2|Sf ::<D/^ — X 

:^(-r/J:i:>^l=T2|S) A^ekt;::^^ >^{cii:tfP$n. 
— x-f • :7 4 1 0 (IS 1 8 B);&5^^-t'6o 
y'yy3 7 4{c:^l^r. Lfc^^— x a >' • ^9 

yt^ii^mm^i^y^'r^ 3 0 4ms)\z.u^.^tiho 

-ir;^|^>^7^ 5/:7"3 7 5 r-^T-t'-So in i 8 B (T)/-?— r 

[0 0 4 9] ms{zmth\-£. x^mm^iyy^'r^3 0 4\t 

' ^'—i^ • :7 CI w-^^^Fr-t^-T^.^jTLy^ A 30 2{z-^ >'i^--y ^ 
-y^-rSo y!^mm^iyy^'rJ^3 o 4\t. :^^^«3 0 3 

. >^ A 3 0 2 S S A^^com^B 

3 0 21^, (1)^- KOT^-c^'^fe^fi. (2)±T(C0^?i{C 
fi-z^f^-^^-U^XJ^^m. :!^^XJ{2)ui;>:;^^m^MX<nm 

7^A 3 0 2[i. ^J^C-rSB^.^^r-^^' K$:3Z&fiR?.^v-;:^7^ 
^ 3 0 4 icii^S;! t tCctor, =1— Kcoi$fi^^{c:g^•r 
30 2 3 1^. ^mm^i^y^'rMs3 0 4\cm't^m^<om^/i- 

A 3 0 4 J^, 0S^(D#>ir ;&?S-C#3 6;6*'(;^T*^'5 
• :7 :9^;^-t^-'y v-;:^ 7^ A 3 O 2 {Cil^-f- 

[0 0 5 0 1 "f—^ • ^;^i^:/v'>^xjU 

^it^^H^^^Sc ^160^-^, i^:/v':^7'A 3 0 2J*. is_d 
40 isjointCp, q) J; TJ«is_subset (p, q) ^P.^ -vV K^r^^^ 
IMBS^v-^T^i. 3 0 4 frC^LTtti-f-o )EktC. igfgBS^^y 
;^7'A3 0 4\tm^<D^^t^Mxh^t^^xhhfi^^^ 

-5 /c i^>>^f -5 §B ^yu-- ^ > ^ lltf ^ -ti: 6 . 
[ 0 0 5 1 ] 7^—:?^ • yn—^J^^-^^'iyy^y' Ms 3 0'2f3> 

• true.exprO : l^ff O^^^^ ^^-T^i^^mo 
■ false.exprO : ||^TO^^-^^^-r5?/L.j^l^|i^^„ 

5(? t^^\zmm^kih. mx-Vl. i^^t^^^tFricrJaU^r, 
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• lub_sum(p, f ) : PU E e f ' X*h^X 5 fJ:^^l^ c * o 

• glb„sura(p, e ) : PU € 2 e ' 5 /.t*:^ € 'o 

^f§^^hJ, gib_suin(p, ? ) ^>Kffl 

• lub.diff (p, f ) : f -pC ^ ' r-^b6 J: 5 /j^S^J> e ' o 

• glb.dlffCp, e) : f -p3 £'-e^SJ:9^£*>^C€\ 

*:^P^I^lub_diff (p, f ) f -p^ff^-r^o 

• is_disjoint(p, f ) : PD e =OT-*?m^K'^^ o C 

;d ^ A. b ;^ ^ to H I c ^ ^ n r 1/ ^ 6 /!> > ^ P ^ a6 i c >^ 

mm iciij ^ r b n *t tti^ 

isjointCp, c )<£r{^^ Uri^^^n-So 

• is_subset(p, e ) : P;i^ e \^ X ^ ^ Jtl^mn^M^ 

[0 0 5 2 ] ^f§^m<?>^*6:«:, m^<o^m\::.m'r^m 

-dnf) ^ LT^ibJruri^Sffi^CD|E#OS^3lfPtC«PI-r 
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[0 0 5 3] 01 9(7)AI^. !H^-<r(7)W(D^3S?p5^:t^ 
ag-rs.^.^/i^— f^>^5:^L. gil9(7)B(^. iB^cofflcD 

ftruel^. i^^tpy ;^ hr-foi? , X-Y v^a V • ^ 
^^cr^^U" hr-^So /t—^vi^i, J:t/Q:fi^f^^?D^ 

[0 0 5 4 ] m2.Q\^mi^M^mm^^^^-r^m^j\-- 
^'^i^^x-h^o Wsi^^^mmt. ^u^^xfw^^u 

[005511^1211^, m— |B#^ia!fi^^(C^.fp-rS 

mm^mz^^^xi^'^^td.'^tDmi^M'^xh^^. sum_ 

[0 0 5 6 ] EI 2 2:ioJ;t/Iil2 31^. ta-g-P^Mfg^m 

6o fs-^P;ei^^m{c:^o^^rfa-^Qoo^^^^-e^sp#, q 
(c^t-SPco^^i^M^'^T-Q^^^SIx.S ^ <^ (c J;oT. 
Q-P:&^ft-^^tlS. riX(il^2 3 OACOapprox.difOU- 
Jt? ^>Kx-:>xmrr^tih. mm^^^^x?mt4^^Wj^ 

xnQ(Dmd^^m^mzm'r^p<nif^M^M-^it. ^23 

CO B (7)f ind_lca/u— 5" Vtc J: o Tifi© ^ i^ 6 o 

[ 0 0 5 7 ] glS tCHoT. -r'— c?' • :7n-5^;^if:/v' 
;^7^A 3 0 2;6^. ^f&Sft; t's/ H^iJ^ ^/^5>#f^^^TL 

^^^^oj: 5(cife^^nSo faSd^a^f§p(OT<o4#^^ 
^^•rs^. -?:<0 7j?^ >- htciott 6P(7>-r-<T<o^fT(c 



L7 

[0 0 5 8 1 a^M-^lSt^^/ h-<^ hyi-^*Frl:i. ^^n-^ 

[0 0 5 9 J ^m^J^^^^^^^^W^^*5l^r. =r-K{c*5 

10 0 6 0 ] ^l5»{c:^o^.^T, E-J^jg^tOiEflco^^^;^ 

J:oT;^f- K^;h.^x0^aJ^. «^'Jx.(^ (lub_diff ^{^^ 
•r6)^»E"x=E''x-Qt-^>'^"C, ^^QtC*5(j-^-r-<TCO 

[0061] I2l25(t, llllO=r — KO— ^IC^LT 
I18(7>7='— • T-n— ^;Sr-t^:/^/:^7' A 3 0 2\Z.X^X 

-ri^'jr-^^o ^2 5t^. fWiii&^t:i:i^:^cDfcie). mii 

[0 0 6 2 1 #?^^itC3»?tJ^;-r6GEN. KILL^ i: WEST^ 
[0 0 6 3 ] 1112 5;*^ J: v^— • h 
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U^{£fflt^^LGEN. KILL:feJ:U«TEST*n,^g?m(S4. S5, S9 

[0 0 6 4] M®S4t-*5l>T. GEN. KILLifc ct tl«TBST;&^ 

y.^X'f—^^^ h;U';a5^(-r?^£^^D[S4, S5, S9]=fals 
e)X^^<ryX*. lESiy^:^^ y^^iX^. KILL^Qi^K^, ^ 

[0 0 6 5 ] S5^||®{C*5l^r*^, GEN. KILLriB J; U^TEST 

-r^^-^ ' hJHitm:i)m<o^^x^:& tmrn-r 
20 f£^tmm-r^. TEsmnii, s4*5i:u«s5^ii©or^^c» 

[0 0 6 6] ^l^Sgt-^il'^r, KILL^^J^D [S4] :6^Pr ^ 

j(? [0 0 6 7] m.%sii\^mm\:im't^^mm^x^:^(D 

hMiM^n2T'^$ <i:4^)JE^'rs. TEST^ei^i, S4 
^ Si 1 CO J: U«S5 Si 1 (c n ^ 6 
ir^J^-rSo TEsm^l^. S9*3J:t;^Sii?|^^or^ 

;3;>rii:;^^ — ^ 2 3 0\zX.-^X:^^i^ =^—j\^^kht^-o\^-i^ 
40 ;^^i'J '^T^ixSo 112 7f^ll 1 1 60=1— K;ei^:^'^^> 

[0 0 6 9 ] HI 2 6j6i:U^lil2 7 t>ht>f3^h ^ 0 S4 

*5j:t/S5fa^(^, 4fe#tt^4^fc7:ei/^(Dr% ^s^/i- 
fcij^^^jr-^^^/i.^ix^^ s9*5i:u!sii/»®(^, 

[0 0 7 0 ] :^^m^m'm<r>'mmw^m^^m\^x 

50 lEMLfcjd^ ^^8^o^:g:*5J:i/^H^S:ifeI^^6Ci:/^ 



19 

[0 0 7 1 ] ^mm^at. mt i.x»z.(dx 5 ^j:mmmm 

(2) miim^-Y(r>mmm%^wm.'t^'^^m^iy^ 

7^ A ^ coJi?f§3P.^ v'^ 7^ U r ^f§M — 

K<7)il^ff^m^£:Si»3® 5^^:d5-5Tt^^/j:-5. ±|S (1) 

(3) ±la-r^-^ • :7 n-^tFfi/;^7^ a?fi^^^ 
Ktcftf?^ urmD-rs, ±ia (1) (ctB«(7)=f> 

(5) ±tS^>5rx;>^-^// W^:>^^SlJ^a^:^^±:fS7"- 
Jita (4) tC|B^(7>c3>'/N'^^, 
[ 0 0 7 2 ] (6) xEmM^— h^^^^^^^-^ ^i^'t^^':-' 

^^-( y\c:jio\.^x^m^ri^mm^j^>'j^^mmxhox. 
mmm:^xxj':kmm^mmm^mm\^x mm^:i6 xxii^ 

(7) mmm=^ — I'tDmm^^mmm^vtmTh^mm 
mt. ^Mt^^x.^j:ifB (6) \zt^m<r>^m^iit:^'Amm 

Wo 

^^m-m^rnxm^^cm^-r^m^mmt . i^mm^ 
^^\^xmm^i^mmm%:^^'t^mmtmmt^^ 

tf, ±IE (7) (Cf5^(Diefi^i^;^WM«o 

xxj^m^mm^mti^-r^. jlis (s) tciBatT:)^^^;^: 
(10) kummmmTii^. mmm=^-}''<n:kmm^mm 
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y^^i^^^^^. ±IB (7) tcfE«coi&fi^jct;5>«r« 

Wo 

[0 0 7 3] (11) ±|B^f§BB^-^;::^y^A;d^ il?fiM 
^- K(D® l<;>i&|§;d?il!f§M^- K(73||2 0ij!f§^5:i^ 

yy^^^-r^%Z<o^^^y Vh^. 4r^O> ±15 
(7) (c|5ifcoj^f§^/^;^W«S«. 
(12) J::|a;^f§,^.^:>'^xA;d^ izl^ f§ M - KtT^^ 1 

^ . ^=7y^l^^'r^mz<ry^'%^ y h 

^S-rsm4 co^^ir 5/ h ^^O. ±15 (11) (c 
f5^coa?fiSi;^:^*fr^Wo 
(1 3) — ^ ' y^—'^^iyy^'rMst^, Mf§M^ 

i-5fc^^±fBi]!fiss^o^^7^Ajc^?|^^?n, 3£l!fiM^" 

±15 (6) {^mm^mw^i^^^^^mm. 

(14) ±15-7=^-^ - yu-^j^^i^:^y^j^t-. 

3£f§^^o.^m^jeiHfi^$-ti-6, ±15 (13) {zmm<D 

[ 0 0 7 4 ] (15) K$r^:^''^-Yyi--r5c3 

m^^^^^m^m::-mmm='- Kco^fHi.m^i5ti-r 

(16) i&.m\:.<o^%iy^^'^xt^-:>m^mx^^X.b\:i 
.^^$ri£ia'fb^itS;^7^s/:/^M(c^tP, ±16 (15) 

(17) ±U^mm=^- h'{z.±td,A^^h.f^7'-<^ ' y 
r:^-^\±^&mt VXHM-t^y^y yy^W{z.^t^. ± 
15 (1 5) (Cf5^(7:)il!fi^f£:7^-^ • >^ni-5>W;^i*o 

(18) ±|5i£^fi^='- K<o=r>y^Y/u;6^^j®ft:$n6 
5t? ctptc, ±f5^«^^£rott ^ixrcia?f§=^- K^>^>>-v?^- 
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(17) {zmm<7^^mm^^^-^ - y^-i^^^mo 

[0 0 7 5 1 ( 1 9) i&f§M=r— K^=i /U-r -5 =^ 

(2 0) ±mmmmm^^W:m'r^:^'r^y:f^^. ±mm 

^^■r^^^T^s/:^^ <^rMtc-&tp. ills (19) IC|5«c^ 

^Sr^isJt^'ti-^;^^^ s/ >^i:. ^rMtc-^triia ( 1 9) {clB 
(2 2) ±15.^,^^-511^1^-^ 7^ 5/::^:*^ a^fiM^i- 

S;?^7^5^:/i:, K&f§M:='- KoM i oij!f§^il!f§M^- 
•^Cr^±15 (19) {cI5^(D^fiM=i- K5>W:^&o 
[0 0 7 6 ] 

[gl 1 ] Al^ti^*S/(oyp A • =1— K<^;o^U. Bi^ 

[gl 2 1 ^i^5|i£g^^coi2l?fS^^- K - zi-^^^^ ^^m-f^ 
ti mX'h^^ 

[[13] 11 2(?:>3V/<^^fci:or^^^^'>r/u$ix/c^ 
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[06 1 ^^m<n\'^<r>mMf^m\ziV^-:>xmM=^—\^^ 
Kt^^^-r5ii4 co^^-e^-^ - i:^^ 

[Iii7l ii!fgM^- K^^s-;^7"^joi:z7j[^*^:=i- 
5o 

[US] il^fgM^- K^*Ff^^^7^^co«ig^;^-r:;^n 5/ 
[0 9 1 ll8<D3^f§M=r- Ki5'|frv':^7^A(7>i^^a«(7:» 
(Hi 0] i^fil^^i"- KcOcompare-to-predicate?J5^tC 

[[gill] ^%<n^'^mm\z^-^xm.^^k\^fz.m\o(D 

[lili2l A*5j:TJ«B^n-e*n;d^ a!f§M:=i'- F;*^?^^ 

[liii 3] (112 ^i^^tc, i^^fiM='- Yt^^mm^m 

[0141 Ai5J:U!B:a^^ix^*ti. 0 l l coij&fg^^- 
1 o^^-rn^r-^f^So 

[015] 01 4 ^f^l^lC. 01 lCOi7jifiS!/=r- KtC^T 

30 ^-r0^"e*?Sc 

[016] 0 8(7>s^fgMcn- K^W^^:^x^(D^^a^ 
[0171 ^S^a*)«*'^^^-7^^^-'3>'•i^y^^^:7^ 
[0 18] A;ei^0 1 1 (?)ia^flM=i-- Kco^ffl/^— x-r 

[019] A^sJ:tj«Bii^ix^*ix. ^f§Sl=i- K(7)3£l!S 
CO 1 o^^-r:^n ^5^^ A0f 

(02 01 Aio JiU^B ;:i^ix-€r*n, 019^ l^^tc. ^ 

[02 1] A:|o^U^B i^f§M^- K(7>il!ff 

[0 2 2] A*5j:ti^B|^^tU^'n, 02 1^|^:^(C. 

liM ^ - K (^^fi^m ^ I? ^ 5 0 8 (T^ie^fi y:^ 
jUo/u— f'V'CO 1 ^^m-^rfuypJ-^mx^^^ 
50 [02 3] A:fcctt/B l^^ix^'n. 0 2 1 J: tJ«0 2 2 
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24 




5 3 


"T — ^ ' 7 D— 5>:efv"^-7=-A 




10 0 






10 1 


^<:^ 


[1112 4] 2-D<D^^<Dm<Dm^ (0-$^ y<Dy a^^:^ 


10 2 






10 4 






10 7 






2 0 1 






2 0 2 




[gi2 6] IS 1 1 Ko^^x (cgg-rs^ijffli 


2 0 9 


:7 D h ^ V K 




10 2 2 0 






3 0 1 


^^^^ 




3 0 2 






3 0 3 






3 0 4 




5 0. 2 0 0 i^ifB^^— K * ^ 


4 0 0 




5 1,210 if ^^->';^7"A 


4 10 





5 2, 2 3 0 :^^^J>::i^-'7 / \^^J:^^%mmM 



[[il2] 



[Hi 1] 



52 



53 



[(151 



50 





p - ! (a<b) 


' true 


S^: 


q = (a<b) 


• Irua 


S3= 


11 0 ! (a<b) 


■ true 




X - . . 


if P 




X - . . 


if q 


% 


r - (c!-d) - 


q 




s - ! (d-d) • 


q 




12 - 11 ♦ (d- 


cD < q 


Sg: 


X = . . 


if s 


S10 


: = . .y. . 


if r 




- . .X. . 


if t2 








[ 


(if 1 5 ] 









un 


uc 


on 




0 


0 


0 


0 






0 


1 


□ 


0 






1 


0 


0 


1 




1 


1 


1 


1 


0 


1 











1 


Irue 


(rue 


2 


Ca<bl- 1 


P 11 


3 


KQ<b)- 1 


q 




Kc-cO*3 


r 


5 


Cc-d)-3 


s 


6 


2*^ 


t2 
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imi] 




(15) 
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[117] 



«1 



n 

^ 
il 



CM 



•I 



V 

o 

CL 

g 

o 



It 

c 
o 

a 

E 
o 



(0 



o 

o 



\ 




I 

•m 



I 

n 



f\j m in 

^ ^ ^ ^ ^ 

t^ 4n +V 




CM 



(16) 
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-121 



.^122 



-123 



107 ^100 



■101 



ir 



.-O-102 



-12^ 



-^I>125 



[1116 ] 



I 



201 



1 



202 



102 



1/" 



104 



200 



r 



101 



y *9 



I 



107 



[Hi 0] 







P 1 cmpp.ui (r1 <conc> r2) rf P2 
P crrpp i^ (r1 <cx3nc> r2) if P2 
P ■^CfTpp.on (r1 <cx]nd> r2) if Pj 
P ^ cmppLOC (r1 <ocn{> r2) if Pj 


- (r1 <cond> r2) • 
Pi- ! (r1 <cand> i2) » Pz 
P^- P + tri <cond> r2} • P2 
Pl- P ♦ 1 (r1 <cond> r2) • P^ 



[mis] 




R S 



^^--9 4 V3 y 4^3 7 
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ims] 



[11 2 7 ] 




I 

n 
•B- 

m 



H 



CO 

^ 
H 



PsJ 

^ 
H 
S5 



^ 
r1 







K 




•* 


0 




X 






CL 












n* 






X 


X 














V 

o 

5^ 


11 
c 








>* 


■ 


■ 


R 




CT 




3 

V 

o 


M 




fTipp.uc.un 


CL 




a 


1 

a 




d 







I 

n 

1 

K 



CM CO 

^ ^ ^ 

<N •'N <N 

V \- V 

1> *^ 
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[US] 







>-331 






^332 







|r333 



I 



334 



335 



^336 




(19) 



[Hi 1 2 ] 

CA) 

lookup_AND_string (X h 'J S) JV-^> 
1 : // SajgS: [ I ] Crl< cond > r2) • i 
2: if (S;&<f--y>'U{;:^<i:i.v) then 

3 ; St=:oC^Tx x h y m^fef^Jift : 

4 : S cDffi^^x y h y n Srf^gJ ; 

5 : ^^'-x>f vKI^i = m I n«:tti:ft ; 

6 : endif 

7: SJ::Wir-SfE^*SiJ- 
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[H 1 4 ] 

(A) 









1 


true 


true 


2 


r(a<b)-1 


P 


3 


<a<b)-1 





(B) 

scan_ops (List ops) ^'P— 

1 : ^itms^mK 

3: if (itKJBSC*<lSf*i*Tfe5) then 

4 : m = lobkup_AND_striiig (S) ; 

5 : else 

6 : m = lookup) _OR_string (S) ; 

7 : endif 

8 : ^$feizB^*m«cS!*iC;^-!^t^5 

9 : endfor 



(B) 







V-X:g 


1 


true 


Irue 


2 


!(Q<b)-1 


p. t1 


3 


<a<b) • 1 


q 


4 


!(c-d)-3 




5 


(c«d)-3 




6 


2*4 


\2 



[(113 1 

lookup_OR_string h y S) >U— f-v 
1: if iSt<T-yjuicf£\^} then 

2 : if (S j 4- [i] (nl < cond > r2) • 1 then 

3: S' KS0^jatf-« 

4: k = lookup_AND_string (S' ) ; 

5 ; S = i -H k 

6 : endif 

7: //S«JBS;j + k«:i^ 

9: ^^'-x^ i^a vigilm = j I k^-m:;^ 
10 : endif 

11 : sizmT^mm^&T 



(20) 



[me] 



370 
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371 



£ 



372 



mmmmm'S: y - k i x > t l t^-t 1 1= 



f 



373 



-5 y - K:^-C 1 © 3. . 



£ 



374 



375 
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[^17] 

rel-comp = lOyQ2 °k' 




(A) 



[Hi 91 



IS DISJOINT /v-f^ VI 



is_disjomt (lE-^ P. Ifi-^ Q) 
1: if 3>^'-7^>f V W- X I Y I Qi 
s.t. P c X and Q c Y then 

2 : return tare ; 

3 : else 

4 : retxim false ; 

5 : endif 



' k-2 

c-1 \ 



[d 2 4 ] 



(B) 



IS DISJOINT ;i/-5^>2 



is disjoint (f 2# P, ISIS e ) 

1: //£i:i®*ssnri^st<s^ 

2: £CDSSB#QSf= 

3 : if I is_disjoint (P.Q) then 

4 : return false ; 

5 : endf or 

6 : return ture ; 



X- . . 




X- . . 










- . . X . . 




X- . , 



= . . X . . 






X- . 
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[@ 2 0 ] 



1 ] 



(A) 



(A) 



IS_SUBSET A'-^yl 



LUB SUM>'l/-^vl 



is_subset (fiE-^ P. fB-^ Q) 
1 : //Q*^&P'^OiBB&«:«lit 

3: Q*<*nif^*, tt»^n«fii*ig-r 



lub_sum (SSe.lH-^P) 

^ • ^ ~ ^false ' 

2: eC*JJt4SQI5«- 

3 : if Q e P then 

4 : i^ff ; 

5 : else if P c Q then 

6 : return e ; 

7 : else 

8: £' = £' +Q; 

9 : enddif 
10 : endfor 

1 1 : return Buni_reduce ( e ' J*) ; 



(B) 



IS_SXJBSET JU- 9->2 



is_subset (IB-^P, S^c) 

1 : //eib<Mm^nx\^^t^Rm 

2: £izis\t:s>^-^Qm^ 

3 : if is_subset (P,Q) then 

4 : return false ; 

5 : endfor 

6 : return false ; 



(B) 



sum_reduce (SS e x E-^ P) 

1 : e izJM^^ 

2 : ^^^^'-x >3 VR = P I Qi^^C 

3: if Ct^XCOQM^eCDji v^-^-C*^) then 

4 : £ = sum ===_reduce ( e ,R) ; 

5 ; break ; 

6 : endif 

7 : endfor 

8: if (R*<£CD^ >'''<--^fe5) then 
9 : ROas^y - KCD^T* e *^&| 

10 : endif 

11 : return e ; 
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im2 2] 

CA) 



LUB_DIFF JU—^ y I 
lub_diff («a£.K-^P) 

^ • ^ ^ ^ false • 

3 : if Q c p then 

4 : Sgfr ; 

5 : else if P c Q then 

6 : rel_cmpl (P.Q) ; 

7 : else if (P i Q*<SlMC5R) then 
8: e' =£' +Q; 

9 : else 

10 : e ' = c ' + approx_diff (P.Q) ; 

11 : endif 

12 : endfor 

13 : return £ ; 



(B) 

LUB_DIFF Jl/— 

rel_cinpl (IS#P,IE#Q) 

1 : // Q - P t^Ht- S^*iB-r 

2 : if I is_subset (P, Q) then 

3 : return false_expr () ; 
4 : endif 

5: Q^i^SP'>^<OigiS*tt^b■#-« : 

8: R = S I Ti^i-y •:?R-*S*#^JV^•-•r > a vif* ; 

9: STi^EfCjn;?.* ; 

10 : endfor 

11 : return e ; 



(24) 
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[@ 2 3 ] 



[m 2 6 ] 



(A) 



LUB_DIFF >iU-^v3 

approx_diff (ie#P.te^Q) 

1 : //Q-P*ja:^«l 

2 : return rel_cmpl (P. find_lca (P,Q)) ; 



(B) 



LUB_DIFF J]/~f--y4 

find_lca (I2-^P,I2-^Q) 
1 : Sp^-PO^tfiH^t-fS ; 
2: SQ*QK)5feffl^^i^S 

3: l*^e>gfelK<XTV^^SpnSQ©^ y-'-'-tig-r 



X».. if P 






X- 


iff q 




if s 



'yo-9 



>11 







" • • X ■ , 


if 12 
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i 



TEST: 



[H 2 5 ] 

D \t-<-Z FALSE I 

__U |^-<T FALSE ZIkilL: D[S.].{fteB-P>-fcise 

if P S/ D[S5)-false 

, — r-i 1 dSgJ" false 

D |-»-|P|---FALSE'--| GEN: D[SJ-D(S4)*P-P 

U l ^"^"gr FALSE I 



TEST 

[DlSJ.OJo 
jP.a]-!lnje 



JLa 



KILL: DlS<]-P-q=P 

OIS5]- f odse-q° false 



D |-"|P|Qh-FALSEH DtSgl-folse-q-false 



^GEN: DlS5l=D[S5]*q=fclse 

U I -t^T FALSE I 



ff S 



KILL: 



TEST: 

!(fisJ0{S4).S)-[dsj 
(P,S]-!True-False 

!disjD(Ss).S]-!dsj 
[O.S]-!False-True-» 



S4S5 S9 



□[S4l=P-S=P 
□[Ssl-q-S-R 
l-Fol 



] 0[Sgl-Fal9e-S-False 



U 



f ^-C FALSE 



BEN: 

□[Sg]-D[Sg]4^S°Faise+S 



S^i l . . X . . 



if 12 



TEST: 

!d6jD(S4).T2 )-!ds|P.T2] 
-Falser True -»flow 
S4-^Sii7n-fi!cSt* 
!dfe|D(S5).T2Hcls|R.T2] 
-!Falso-Taie ♦flow 
Ss-Sii^D-^Sfe^tt 



U 



KILL: NOhE 

GEN: USt|l-FQlse*T2-T2 

SxSs S9 TEST: 
pIrMsI - I 5dsjD{Sg>.T2l=!dfejJS.T2) 
-!Tiu8-»False* 
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